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^BOOST MATHEMATICS."

BY SARA B.< F. RABOURN,
High School, Visalia, California.

Would that teachers of mathematics were able to glean a les-
son from the citizens of California! Their slogan is "Boost
California." They believe in their state, have faith in their cli-
mate and natural resources, and possess a sense of state loyalty
and state patriotism that is equaled only by the Germans in their
love for their Fatherland. No citizen of Rome ever displayed
more pride in saying, li! am a Roman," than the present-day
native son displays when he. proclaims to the world, a! am a

Californian."
It -is something of this same spirit that teachers of mathe-

matics should possess. They have a right to feel proud of their
domain of work and to boost its value. Filled with loyalty for
their subject, they should be happy to assert that they are teach-
ers of mathematics; and glowing with enthusiasm, they should
aim to attract others to the pursuit of mathematics. Theirs is a
historic and stately mansion of many chambers, set in the fields
of a rich estate heavily endowed by nature and backed by a

splendid ancestry. It is not given everyone to- occupy this house
of mathematics. The occupants are, indeed, few. It is the high
mission of teachers of mathematics to’ increase the dwellers and
owners of this estate so that larger numbers may become heirs
of the wondrously rich heritage of the past and shareholders of
the untold discoveries of the future.

Teachers of mathematics taking up their abode in the dignified
mansion will have time for serious reflection upon the intrinsic
worth of mathematics, and thereby will acquire the larger vision
and the means of enlightening the masses upon its unique value,
They can summon the historian who will testify that the race of
man owes its most precious truths to mathematics, and the real
mathematician who will say that mathematics is the very essence
of fundamental reality; that it forms the basis for all rigorous
thinking; that the underlying mathematical ideas or concepts are
omnipresent in our thinking everywhere. Perhaps he will speak
of the influence of mathematical thought on logic, psychology,
ethics, theology, jurisprudence, and art; and no doubt will show
that the ideas of function, group, invariant, limit, and infinity
belong not only to mathematics but to thought in general. It is
the duty of teachers of mathematics to make the masses sense
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this value of mathematics. Does not the notion of limit pervade
the whole of our mental life? What is an ideal, but a limit, some-

thing unobtainable, but always to be aspired to? The other
notions mentioned are also felt consciously and unconsciously
everywhere in our lives. The idea of invariance plays a large
part in human thought. History shows that man’s eternal quest
has been for something permanent, invariant in this world of
change.
Although mathematics is an exact science and its content often

theoretical and technical, it is teeming with human interest for
those who will invade its sacred domains. Those teachers who
grasp a few of its many possibilities and are inspired by a
glimpse of the "vision splendid" will wax enthusiastic over its
beauties, depths, and mysteries; and in their efforts to humanize
their teaching will be ever mindful of the wondrous splendors of
mathematics that have the power to fascinate the whole mind.
They will be familiar with the various reasons for studying mathe-
matics, whether it is studied because of its practical and utilita-
rian value or for its application in science, or for its own sake or
for its relation to thought in general or because of its power to
train human beings to think accurately and logically.
The teacher of mathematics who possesses the broad outlook

will be able to deduce from these the necessary and sufficient
reasons for studying mathematics. To satisfy the growing de-
mand that a subject must be practical in order to retain its place
in the high school curriculum, they will have only to cite the great
engineering works of the past and present, made possible by the
applications of mathematics. Indeed, mathematics has laid the
foundation for our material civilization. It now stands as the
steel framework of the structure; take it away, and the edifice
would totter, crumble, and fall in hopeless ruins.

Again, the teacher of mathematics may call the attention of
those seeking utility values to the great debt pursuers of the phys-
ical science owe to mathematics. From this we see that mathemat-
ics is a tool; but it hurts the real mathematician to hear it classed
as nothing but a tool. There are those who argue that mathe-
matics should be taught only as a preparation for college or at
most to those who wish to take up engineering or scientific work.
How sickening to the heart of the true teacher of mathematics!
He is more disposed to agree with Jacobi that the "unique end
of science is the honor of the human spirit." Mention has already
been made of the influence that mathematics has on all forms of
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human thought. This, alone, should give it an unquestioned
place, in the high school curriculum. Emphasis should be placed
on the reason that mathematics is studied or taught for its train-
ing in the high art of logical thinking. There are a few teachers,
and may their numbers increase, who have so great faith in their
subject that they see springing up in the future a great race of
thinkers who ascribe their wonderful power to the study of mathe-
matics. Surely, the world was never more sadly in need of
thinkers than at the present time. One hears on every hand the
cry, "It is not more power that we need, but ideas." The theories
and observations of a western university professor place the
ratio of thinkers at only two in every twenty-five thousand.
Alarming as this statement is, we shall have to admit its partial
truth.
The time is propitious for the high school to take a serious

inventory of its courses to find out what it is offering the rising
generation that will teach it to think. Down with the faddists and
quacks who have held full sway in their reign of slaughter, experi-
menting, and innovations. The pendulum has swung far enough
in the direction of-the commercial and vocational subjects; it must
come back to normal. Harmonious equilibrium of the solids and
vocational subjects must be preserved. It must be admitted that
with the overcrowded course of study and the highly elastic, elec-
tive system, most of our boys and girls are receiving a very
superficial education and little or no training in the fine art of
thinking.
What can teachers of mathematics do ? Are they going to sit

idly by and permit mathematics, the one subject which has the
power to develop rigorous thinking, to be crowded out of the high
school curriculum and relegated to the scrap heap along with the
classics? Are they going to be partisans to the absurd fancy
of the age that people can not be happy and think ? No, indeed
no, they are going to put on their fighting armor and sally forth
to the front, into the trenches if need be, and demand that mathe-
matics hold its rightful place in the high school curriculum against
all future onslaughts, for they know that the mathematically-
trained mind is needed in all forms of human endeavor, that the
subject of mathematics properly taught will give pupils mental
strength and power to help choose things worth doing.

Mathematics should appeal to all classes. It has a highly
cultural and aesthetic value, a noble spiritual value, and a most
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decided practical value, not only because of its practical applica-
tions to engineering and the sciences, but because of its practical
value in training people to think. Surely, no one will brand that
subject as not practical which gives training in the high art of
thinking. We know that a? country is not saved by spasms but by
men who can think straight. We live in a day when people must
not make mistakes in crises and pay the penalty. The world is
full of the tragedies of wrong decision. What subject, asks the
teacher of mathematics, gives more power in forming quick and
accurate judgments and greater ability in drawing necessary con-
clusions than mathematics? This power, he will say, is practical.
Mr. G. K. Chesterton throws an interesting light on the value

of the so-called practical man in time of a crisis. According
to him, when things go’ wrong we do not need the practical man,
the man who is accustomed to mere daily practice and the way
things commonly work, but the theorist, the thinker, the man
who has some doctrine about why things work at all. Indeed,
there is placed a high utilitarian value on the man with ideas who
can prevent a crisis. Sometimes impulse and instinct will save
a situation but the hero of the occasion is most often found to be
the person who has been trained to think accurately and logically.
Teachers of mathematics contend that their subject is best suited
to give this training.
The aim of the first part of the thesis has been to inspire con-

fidence in high school teachers of mathematics for their subject
and to give them courage to "boost" the wonderful superiority
of the mathematical province. Thus equipped with confidence and
courage, what are they doing to humanize their teaching? What
efforts are they making to attract students to their courses ? Why
does mathematics get the reputation of being nothing but dry
bones? Why is it so often classed as a subject which only grinds
take delight in? These and similar questions teachers of mathe-
matics may ask themselves. They also can submit themselves to
cross-examination. Are they as teachers of mathematics doing
their duty? Has their enthusiasm for mathematics reached the nth
degree ? Are they always striving to awaken a new and palpitat-
ing interest in their subject? ’Do they realize that such a body
of thought which penetrates and colors all thought admits of
manifold humanizing interpretations? A vital touch here, the
waving of the magic wand yonder, will take pupils away from
time-worn, beaten p’aths into new ones where charming vistas
will reveal an enchanted land which they will be eager to explore.
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If every teacher of mathematics fulfilled his mission, the number
of students in the elective courses of mathematics would be
astoundingly increased. Records show that students pursue other
subjects that are not in themselves more attractive or more ca-
pable of awakening human interest. It is legitimate to employ
means to inspire pupils with the desire to study mathematics and
to create an appreciation of its intrinsic worth.
Numerous are the stimulating devices to which they may have

recourse. Even high school pupils have not outgrown the play
instinct. They do not learn less geometry’or learn to reason less
accurately when one day they consider their geometry lesson a
game, themselves the players, the axioms and definitions the rules
of the game, and the teacher as the umpire, referee, grand-stand
spectator, and side-line fan, all in one; or on another day when
they become mechanics and architects and from the hypotheses of
the given proposition they erect a splendid edifice, making each
statement and reason in the proof imperative for the finished
structure, just as each stone and brick and brace are necessary
to make a safe and strong building. The final conclusion of the
logical proof is similar to the roof or cupola or crowning summit
of the building.
The geometrical constructions and designs serve as a legitimate

means o? quickening the interest. The pupils take delight in
designing church windows and in drawing patterns for linoleum
and tiles for flooring. If the. school has a lantern it can be used
effectively to throw on the screen examples of architecture, em-
bodying the mathematical figures that have been studied. My
experience has been that often a lad is inspired to copy the rose
window of Westminster Abbey or the tiled floor of the Sistine
Chapel or that of St. Mark’s or the arches of the Doge’s Palace.
The Colosseum, the Pantheon, and the dome of St. Peter’s never
fail to bring forth applause. These lantern lectures give room
for bits of history and afford opportunities for emphasizing the
mathematical character of art and architecture. My pupils like
to class Michael Angelo as a mathematician. They see in him
not only the greatest of artists and sculptors and architects but
a man who thought in mathematical concepts.

All through the work there is an abundant opportunity for
developing the history of mathematics. This never fails to stim-
ulate the interest. The lives of some mathematicians read like
pages of a romance or a Grimm’s fairy tale.

Often it is possible to create a feeling for some of the higher
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forms of mathematical thought and to indicate their influence
on thought in general. Numerous examples of the idea of func-
tion can be cited. The circle as the limit of circumscribed and
inscribed polygons means much more to pupils when they think-
of the circle as the ideal of the polygon. Just as their highest
ideals are limits which they can never reach but only aspire to, so
the polygon can never be a circle, but as its number of sides is
increased, it can come nearer and nearer to the goal of its ambi-
tion, its ideal.
Many other mathematical ideas, teeming with human interest,

can be utilized that will serve to attract students to mathematical
courses and to create in them a healthy and abiding interest�an
interest that will cause them to explore more and more the won-
drous beauties and truths of mathematics. A superficial veneer
must be avoided. Not one iota of the logical character of mathe-
matics must be sacrificed, lest its high value become ineffective.
There must be inculcated in the young ones a love of truth for
truth’s sake and, above all, a desire to think.

In this kaleidoscopic age when people are subjects of queen
motion picture there is a very great danger of their becoming too
dependent on the visible and the tangible and so absorbed in the
power of visualizing that they lose their power to think. Teachers
of mathematics must endeavor the harder to attract "pupils to
their courses and teach them to think in spite of themselves.
The task is difficult; the purpose is opposed at every turn.

It would seem that all forces were in league to prevent pupils
from thinking-. Some of the methods of the opposing forces can
be used to advantage in attracting children to the study of mathe-
matics. A lesson can be learned from the merchant, the business
man, the professional man, the showman, the churchman, that
it pays to advertise. Having faith in what they offer, they put
it up in the most attractive form, advertise it, and induce people
to take it.

I have tried to carry out the same idea in my work. I believe
I am teaching one of the most important subjects and I try to
make pupils feel that they miss something if they do not study
mathematics. We have red-letter days and advertise them on
the bulletin board. Mathematical posters are sometimes in evi-
dence. Another time drawings and models are on display, as
much laboratory work is done. Boosting articles appear in the
weekly school paper.

In our high school the weekly assembly programs were fur-
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nished by the four classes. In addition there had been programs
by English classes and there was talk of a Spanish program and
a German program. Why not a mathematical program? I pro-
posed the same to my classes. They seemed doubtful of their
ability to entertain the school. After the possibilities of the
program were discussed, they took up the idea enthusiastically and
the result was an excellent entertainment. They called their
effort, "The Modern School of Athens," and worked it up after
the manner of the Dialogues of Plato.
When the curtain rises, the Master is discovered walking in the

portico., expounding some of the wonders, of mathematics. .His
pupils come in turn, one discourses on the properties of the magic
square, another discusses the limitations imposed upon races of
beings inhabiting a one-, a two-, and a three-dimensional space
and therefore develops the layman’s point of view of fourth
dimension. Still another delights the audience with some inter-
esting old puzzles and paradoxes. A girl gives her views on
"The Value of Mathematics to Girls/’ There follows a hu-
morous debate on the ^Circle versus Square/’ The school breaks
up in confusion as the revelers from the market place invade the
sacred precincts. The Master is persuaded to let the joy-makers
give exhibitions of the round and square dances as a final means
of deciding between the sqrTare and the circle. As they finish
the dances, the curtain falls, leaving the audience to decide the
all momentous question.
Does it pay to advertise? Yes. The present senior class in

mathematics is twice as large as the one of last year and the
other classes have shown a marked increase in enrollment. In
trying to humanize my teaching, I have endeavored to keep sight
of the nature of mathematics. I know it is an exact science and
that its worth will be valueless if it loses its logical character.

I boost my subject and I try to attract students to my classes.
I have felt justified in persuading a girl to study mathematics
instead of second- or third-year domestic science. There are those
"who oppose teaching girls mathematics beyond the mere rudi-
ments. If one would listen to the arguments of the opposition,
he would almost conclude that there was something in a girl’s
biological make-up that prevented her from learning mathematics.
The life and work of the great Sonya Kovalevsky give one in-
stance that will refute this argument. If mathematics is presented
in a humanizing way to a girl, it can be of great value to her.
The girls need to be trained to think logically just as well as boys.
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Education should be not only to train people how to make a

living, but how to live. When persons stress the value of the
vocational subjects instead of that of the three R’s, I like’to
quote Sir Oliver Lodge: "It is not bread alone that man needs;
he should have leisure to cultivate his soul ^nd education should
assist him. Machinery may contribute to subsistence, machinery
from the plow upwards is necessary for that, but wealth of soul
is not increased by machinery."

Let us conclude with three rousing cheers for mathematics,
a subject that does double duty. In its role of utilitarian and
philanthropist, it has given much to the world’s material wealth
and contributed much to the world’s subsistence; but it has done,
yea, even more. Possessed of an aesthetic, cultural, and spiritual
value, it has been the great and sustaining helper of the humara
intellect in its onward march to the Platonic ideal of harmony.

ANALYTIC METHODS IN ELEMENTARY GEOMETRY/

BY EMILY E. DOBBIN,
Mechanic Arts High School, St. Paul, Minn.

Every educational activity falls under one of the two cate-
gories�the acquisition of knowledge, or the development of the
natural powers, physical, mental or moral. Knowledge is ac-

quired by the use of the human faculties, and the faculties are
’developed with the acquisition of knowledge. The two processes
interplay, but are equally essential.
Most of the arguments concerning details of methods in edu-

cation have as a fulcrum the question of the relative importance
of these two claims in education.- ^Which is the more important,
knowledge, or the power to utilize knowledge? And the answer
usually depends upon the degree of utilitarianism directing the
discussion.
These statements concerning general education are nicely

applicable to the particular department of learning generally
known as mathematics. The changes in methods and in subject-
matter, sometimes advances, sometimes retrogressions, have
all depended upon the average conception of the usability of
the subject in practical, everyday affairs. At present the conflict
between practice and theory is very clearly defined in the differ-
ence between the mathematics taught in the engineering and aca-

^ead before the Mathematics Section of the Minnesota State Teachers’ Association
at Minneapolis, October 29, 1915.




